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Technical Hold 

The present invention concerns stable dtspersions or csmpositions of gas fiDed microvesides in aqueous 
cariierliqulds. These dispersions sre generBlly usable for most kinds of appifcations requiring gases homoge- 
neously dispersed in liquids. One notable application for such dispersions e to be injected into living beings, 
for instance for ultrasonic echography and other medical applications. The invention also concerns the meth* 
ods for making the foregoing compositions Including some materials involved in the preparations, for instance 
pressura-resisamgas-fiaed mlerobubbles, microcapsules and microballoorta. 

Background of Invention 

It is weQ known that mioobodies or microglobules of air or gas (defined here as microvesides), e.g. mi- 
crobubbles or mlaobaUoons, suspended in a liquid are exceptionally efficient ultrasound reflectors for eehog* 
raphy. In thia disdosure the term of Vilcrobubble* specifically designates hoQow spheres or globules, filled 
with ar or a gas, in suspension In a liquid which generally result from the introduction therein of air ^ gas in 
divided form, the liquid preferably also containing surfactants or tenaides to control the surface properties and 
the stabiity of the bubbles. The term of 'mbrocapsule' or 'microballoon* designates preferably air or gas-filled 
bodies with 8 material boundary or envelope. i.e- a polymer membrane wall. Both micnobubbles and microbaU 
loons are useful as ultrasonic contrast agents. For Instance injecting into the bloodstream of living bodies sus- 
pensions of alr-f iled microbubbtes or miaoballoons (m the range of 0.5 to 1 0 \im) in a carrier liquid wHl etrongly 
reinforce ultrasonic echography imaging, thus aiding in the visualtration of internal organs. Imaging of vessels 
and internal organs can strongly help in medical diagnosta. for instance for the detection of cardiovascular and 
other diseases. 

The formabon of suspensions of microbubbtes In an injectable liquid carrier suitable for echography can 
be produced by the release of a g^ dissolved under pressure In this liquid, or by a chemical reaction generating 
gaseous products, or by admixing with the liquid soluble or insoluble solids containing air or gas trapped or 
adsorbed therein. 

For instance, in US-A^.448.442 (Schering). there are disdosed a series of different techniques for pro- 
ducing suspensions of gas microbubbtes in a stertltzed Injectable liquid carrier using (a) a solution of a tenside 
(surfactant) In a carrier liquid (aqueous) and (b) a solution of a viscosity enhancer as stablizer. For generating 
the bubbles, the techniques disdosed thera indude fordng at high veloctty a mixture of (a), (b) and air through 
8 sma8 aperture: or inje^ng (a) Into (b) shortly before use together with a physidogicaliy acceptable gaa; or 
adding an acid to (a] and a carbonate to (b), both components being mixed together just before use and the 
add reacting with the carbonate to generate CO2 bubbles; or adding an over-pressurb:ed gas to a mixture of 
(a) and (b) under storage, said gas being released into nrOcrobubbles at the time when the mixture is used for 
inje^ion. 

£P-A-131,S40 (Sehedng) disdoses the preparation of mlcrobubbte suspensions in which a stsbiTized in- 
jectable earner liquid, e.g. a physldoglcal aqueous solution of salt, or a sduilon of a sugar like maltose, dex- 
trose, ladoaa or galactose, la mixed with sdid mieropartldes (in the 0.1 to 1 pm range) of the same sugafs 
containing entrapped air. In order to develop the suspension of bubbles in the liquid earner, both liquid and 
adid components are agitated together under aterSe condltiona for a few seconds and. once made, the aua- 
pensbn must then be used Immediately, Le. it should be injected within 5-10 minutes for echographic meas> 
urements; Indeed, because they are evanescent the bubble concantrabon beoomes too low for being practical 
after that period 

In an attemptto cure the evanisscanca problem, mlcroballoons. i.6. microvesides with a matenaJ waQ. have 
been developed. As said before, while the microbubblea only have an Immaterial or evanescent envdope. Le. 
they are only surrounded by a wall of liquid whose surface tension is being modified by the presence of a sur- 
factant the microbaHoons or microcapsufes have a tangible envelope made of substantive material, e.g. e pdy- 
meric mambrane with definite mechanical strength. In other farms, tf^ are micmvesidea of material in which 
the air or gaa b mora or less tightly encapsulated. 

Forirutance. US-A*i,276^8S (Tlckner etal.) disdoses using surface membrane microcapsules containing 
a gas for enhancing ultrasonic images, the membrane induding a multipQctty of non*toxic and non-antigenic 
organic mdecutas. In a disdosed emt)odtment these rrucrobubbles have a gelabne membrane which rssisls 
coaleacance and their preferred stza is ^1 0 ^ The membrane of these microbubbles b said to be suff icientfy 
stable for making echographic measurements. 

Alr.f illed microballoons without gefabn are disdosed In US-A-4,71 8.433 (Feinstein). These microvesldea 
are made by sonication (5 to 30 kHz) of protein sdutlons like 5% serum albumin and have diameters In the 2- 
20 ^m range, mainly 2*4 itm. The mtetDvesldes are stabilized by denaturation of the membrane forming protein 
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af:ef sonication, for instance by using heal or by chemical means, e.g. by reaction with formaldehyde or glo- 
taraldehydfl. The concentration of stable microvesides obtained by this technique is said to be about 6 x iWml 
in the 2-4 jim range, about 106 /mi in the 4-5 jim range and less than 5 x 10* in the 5-6 range. The stability 
time o( these mi^ovesides is said to be 48 hrs or longer and they permit convenient left heart imaging after 
intravenous injection. For instance, the sonicated albumin miaobubbies when injected into a peripheral vein 
ars capable of transpulmonary . assage. This results in echoeardiographic opadfication of the left ventricle 
cavity as %iren as myocardial tissues. 

Recently, stifl further improved microballoons for Injection ultrasonic echography have been reported in 
EP-A-324.938 (Widder). In this document them are disdosed high concenfrations (more than 10«ymJ) of air^ 
niled protein-bounded miciDvesides of less than 10 \isn which have life-times of several months or mora. Aqu- 
eous suspensions of these miaoballoons are produced by Urasonic cavitation of solutions of heat deoaturabla 
proteins, e.g. human serum albumin, which operation also leads to a degree of foanUng of the membrane-form- 
ing protein and Its subsequent hardening by heaL Other proteins such as hemoglobin and collagen were also 
said to be convenient in this process. The high storage sttbHity of the suspensions of microballoons dbdosAd 
in EP-A-324 J38 enables them to be marketed as such. le. with the Hqufd ca;rriar phase, which is a strong 
commercial asset since preparation before use is no longer necessary. 

Similar advamages have been recently discovered in connection with the preparation of aqueous mlao- 
bubble suspensions, Le, there has been discovered storage-stabia dry pufvendent composition which wiU gen- 
erate long-lasting bubble suspensions upon the addition of water. This is being disclosed in Application PCT/EP 
91/00620 where Iipason>es comprising membrane-forming lipids are freeze •dried, and the freeze-dried lipids, 
after exposure to air or a gas for a period of time, will produce long-lasting bubble suspensions upon simple 
addition thereto of an aqueous liquid carrier. . ; . ' 

Despite the many progresses achieved regarding the stabPrty under storage of aqueous microbubble sus- 
pensions, this being elher in the precursor or final preparation stage, there st31 remained until now the problem 
of veside durability when the suspensions are exposed to overpressure, e.g. pressure variations such as that 
occurring after injection In the blood stream of a patient and consecutive to heart pulses, particularly in the 
left ventride. Actually, the present Inventors have observed that for instance in anaesthetised rabbits, the 
pressure variations are not sufficient to substantially alter the bubble count for-a period of time after injection. 
In contrast, tn dogs and human patients, typical microbubbles or microballoons filled with common gases such 
as air. methane orCOj will coflapss completely in a matter of seconds after inject'on due to the blood pressure 
effed. This observation has been conftrmed by others: For instance. S. GOTTLIEB et al. in J. Am. Socof Echo- 
cardiography 3 (1S90) 238 have reported that cross-linked albumin microballoons prepared by the sonitttfon 
method were losing all echogenic properties after being subjected to an overpressure of 60 Torr. It became 
hence important to solve the problem and to increase the useful life of suspensions of microbubbles and irtenv 
brane bounded microballooru under pressure in order to ensure that echegraphic measurements can be per- 
formed In vhm safely and reprodudbly. 

It should be mentioned at this stage that another category of echogenic Image enhancing agents has been 
proposed which resist overpressures as they consist of plain microspheres with a porous structure, such por- 
osity containing air or a gas. Such mtcrospheres are disdosed for instance in WO.A.91/12623 (DELTA BIO- 
TECHNOLOGY). EP-A-327 490 (SCMERING) and EP-A-4Sa 079 (HOECHST). The drawback with the plain 
porous microspheres b that the encapsulated gas-filled free apace Is generally too small for good echogenic 
response and the spheres lack adequate elasticity: Hence the pnfmnc^ generally remains with the hollow 
miaovesidss and a solution to the collapsing problem was searched. 

Dlsdosure of the Invention 

This problem has now been solved by using gases or gas mixtures In conformity with the criteria outlined 
in the daims. Briefly, It has been found that when the echogenic microvescles are made in the presence oi 
a gas, respectively are f31ed at least tn part with a gas. having physical properb'es in conformity with the equa- 
tion below, than the ntcrovealdes remarkaWy resist pressure >60 Torr after injection for a time sufficient to 
obtain reprodudble echographic measursrnents: 

a^ vMWgs 

In the foregoing equation. *s* designates the solubilities In water expressed as the *BU^4SE^^ coefficients, 
Le. as volume of gas dissolved by unit volume of water under standard eondib'ons (1 bar. 25*0), and under 
partial pressure cf the given gas of 1 atm (see the Gas Encydopaedla. Elsevter1976). Since, under such corw 
ditlons and definitions, the solubility of air is .0167, and the square root of ite average molecular weight (Mw) 
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is 5.39. the above relation simpiifiefl to: 

In tne Examples to be found hereafter there Is diedosed the testing of echogenic fflrcrobubblee and m'h 
croballoone (see the TaWes) filled with a number of different gases and mixtures thereof, and the correspond- 
S ing resistance thereof to pressure Increases, both in vivo and in vitna. In the Tables, the water solubility factors 
have also been taken from the aforecited Gas Encydopaedia from VAir Liquids', Elsevier Publisher ( 1976). 

The microvesldes in aqueous suspension containing gases according to the invention indude most 
crobubbles and microballoons disdosed until now use as contrast agents for echography. The preferred 
microbaaoons are those disdosed in EP-A<324.936. PCT/EP31/01706 and EP.A-456 745; the preferred mi. 
10 crobubbles are those of PCT/EP91/a0620; these microbubbies are advantageously formed fram an aqueous 
Cquid and a dry powder (microveside precursors) containing tametlarized freezd-dried phosphoftpids and sta- 
bOlzers: the miaobubbles are developed by agitation of this powder tn admixture with the aqueous liquid car* 
rier. The micrebaltoons of EP*A-455 745 have a rssiHent Interfaeiafly predpiUled polymer membrane of eon- 
trolled porosity. They are generally obtained from emulsions into microdrcplets of ;)otymer solutions in aqueous 
iS (iquids, the polymer being subsequendy caused to precipitats from its sduflon to Torm a fiimogenic membrane 
at Che droplet/iquid interface, which precasa leads to the initial formation of Iiquid-f3led microvesldes. the liq. 
uld core thereof being evenmally substituted by a gas. 

tn order to carry out the method of the prestttt inventloa Le. to form or fill the mtcrovesides. whose sus- 
pensions in aqueous carriers constituta the 6esUed echogenic additives, with the gases according to the fore- 
20 going relation, one can either use, as a first embodiment a two step route consisting of (1) making the micro- 
vesides from appropriate sorting materials by any suitable conventional technique in the presence of any suit- 
able gas« and (2) replacing this gas ongtnally used (first gas} for preparing the micnovesides wHh a new gas 
(second gas) according to the invention (gas exchange technique). 

Otherwise, according to a second embodiment, one can directly prepare the desired suspensions by suit- 
is able usual methods under an atmosphere of the new gas according to the Invention. 

If one uses the two-step routs, the initial gas can be first removed from the vesides (for instance by evac- 
uation under auction} and thereafter replaced by bringing the second gas into contact with the evacuated prod- 
uet. or alternatively, the vesides still containing the f'rst gas can be contaaed w<th the second gas under con* 
dltjons where the second gas w3l displace the f rst gas from the vesides (gas substitution). For instance, the 
» veeide suspensions, or preferably precursors thereof (precursors here may mean the materials the microve- 
side envelopes are made of, or the materials which, upon agitation with an aqueous carrier liquid, w91 generate 
or develop the formation of microbubbies tn this liquid), can be exposed to reduced pressure to evacuate the 
gas to be removed and then the ambient pressure la restored ¥nth the desired gas for substitution. This step 
can be repeated once or more times to ensure complete replacement of the original gas by the new one. This 
35 embodiment appOas particularly well to prBCursor pieparatlons stored dry, e.g. dry powders whch wiS regen- 
erate or develop the bubbles of the echogenic addWve upon admbting with an amount of carrier liquid. Hence, 
in one preferred case where miaobubbles are to be formed from an aquoous phase and dry laminarized phos- 
pholipids, e.g. powders of dehydrated lyophSized liposomes plua atabHczers. which powders ana to be subse- 
quently dlsper^ under agitation h 8 liquid aqueous carrier phase, it is advantageous to store this dry powder 
40 under an atmosphere of a gas selected according to the invention. A pre paration of such kind wili keep indef^ 
tnitdy in this state and can be used at any time for diagnosis, provided It is dispersed into sterile water before 
injection. 

Otherwisa, and this is particufahy so when the gas exchange is applied b a suspension of microvesides 
in a liquid carrier phase, the latter is flushed with the second gas unta the replacement (partial or complete) 
Is sufficient for the desired purpose. Flushing can be effected by bubbling from a gas pipe or. in some cases, 
by simpfy sweeping the surface of the liquid containing the vesides under gentle agitation with a stream (con- 
tinuous or discomlnuoua) of the new gaa. In this ease, the replacement gas can be added only once in the 
flaak containing the suspension and allowed to stand as such for a whie, or It can be nsnewed one or more 
times in order to assure that the degree of renewal (gaa exchange) is more or less complete. 
so Alternatively, tn a second embodiment as said before, one wSl effect the full preparation of the suspension 
of the echogenic additrvss starting with the usual precursors thereof (starting materials), as nadted in the prior 
art and operating according to usual means of said prior art but in the presence of the desired gases or mbctura 
of gases according to the invention Instead of that of the prior art which usually redtes gases such as air. n't- 
frDgsn, COi and the IBie. 

sff It should be noted that In general the preparation mode involving one Hrst type of gas for preparing the 
miersva sides and. thereafter, substituting the original gas by a second kind of gas. the latter being intended 
to confer different echogenic properties to said microvesides. has th following advantag : As wiQ be best seen 
from the results In the Examples hereinafter, the nature of the gas used for making the microvesides, partic> 
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ularly the microbaJIoons with a polymer envelope, has a definitive influence on the vofaO size (Le. the average 
mean diameter) cf said mioovesteies: for instance, the size of microbaUoons prepared under air with precisely 
set conditions can be accurately controlled to fan within a desired iBnge. e.g. the 1 to 10 jim range auiUble for 
echographying the left and right heart ventrides. This not so easy with other gases, par ticularty the gases m 
5 conformity wilh the requirements of the present invention; hence, when one wishes to obtain microvesides in 
a given size range but filed with gases the nature of which would render the direct preparation impossible or 
very hard, one wll much advantageously rely en the t wo^taps preparation route, ie. one wiO f iret prepare the 
microyesldea with a gas allowing more accurate diameter and count control, and thereafter replace the fir^ 
Sas by a second gas by gas exchange, 
w In the description of the Experfmenial part that follows (Eiamples). gas-f ilied microvesides suspended n 
water or other aqueois sdutions have been subjected to pressures over that of smbienL It was noted that 
when the overpressure reached a certain value (which is generally typical for a set of microsphere parametere 
and working condltbns like tempcfature, compression rate, natum of carrier liquid and its content of dissolved 
gas (the relative importance of thi» parameter wil be detailed heretfiafter), nature of gas filer, type of chogenic 
M material, eScJ, the micrDvesides started to collapse, the bubble count progressively deoeasing with further 
increasing the pressure until a complete disappearance of the sound reflector effect occurred. This phenom- 
enon was better followed optically, (nephelometric measurentents) since it Is paralleled by a corresponding 
change in optical density. Le. the transparency of the medium increases as the bubble progressively collapse. 
For this, the aqueous suspension of microvesides (or an appropriate dilution th^ eof) was placed in a spec- 
ie trophotometrlc cell maintained at as*" C (standard conditions) and the absorbance was measured continuously 
at 600 or 7C0 nm, while a positive hydrostatic overpressure was applied and gradually increased. The pressure 
was generated by means of a peristaltic pump (GILSONTs MInr-puts) feeding a viable height liquid column eoiv 
nected to the spectrophotometric cell, the latter being sealed leak.proof. The pressure was measurBd with a 
mer»ry manometer calibrated in Torr. The compression rats with time was fourid to be UneaHy correlated with 
25 the pump's speed (rpm's). The absorbance in the foregoing range was found to be proportional to the micro- 
veslde concentration in the carrier liquid. 

Figure 1 is a graph which relates the bubble concentration (bubble count), expressed in terms of optical 
densfty in the aforementioned range, and the pressure applied over the bubble suapensbn. The data for pre- 
paring the graph are taken from the experiments reported in Example 4. 




Hgure 1 shows graphically that the change of absorbance versus pressure is represented by a sigmoid- 
shaped curve. Up to a certain pressure value, the curve 2s nearly flat which indicates that the bubbles are 
stable. Then, a relativdy fiast absorbance drop occurs, which indicates the existence of a relatively narrow cril- 
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^J^^ J'T "1'"" = ratherdramaue effect on the bubble court. When aO the 

n.=rove,«Jes have d^ppeared. the curve levele off again. A rticaf point on this c«rve wa, seloaeS M ol 
mWdle between the h^her and lower optical readlnes. Le. intermediate between the fur-bubbte (00 
« tai l ^5° «e«'«"y "rn«pendina where about 50% of the b„bS 

'y P""";* "'ve d«appea,ed. Le. where the optical density reading about half the in»ial «,di„g !S 
be-ng sat in the gmph. relative to Itie height at which the liansp«»ncy of the preuurized suspensbn I'trZ 
|ma, (base line). This po.nt which la al« in the vicinity whe- the .loi of tholrve b maximJi "ij^ « 

» t^e^^r.-^- !?- 1""*/"""'*"* concentration of ga. (or gases} already di^JS^ 

an ^ISJS ^ ' '"flhar the cnUc^ pres.um. In this coJInSow 

can therefore Increase the reactance to coflapee under pressure of the microvesidea by making the arrier 

»>e vwidea. Asan example, air-f Bled microvesides could be made very resistant to overpressures (. 120 Torr) 
« a earner liquid, a saturated solution of C0^ Unfortunately. Ibis Xiofiing is of limited ^ue In the 

fjsnoatlc field since once the eontrastagem is injected to the bloodstream of patients (the gas content of 
wh«* Is Of aujM outside conlrol).*^ 

•nally dasolved in the Injected sample becomes negligible. * ^ 

^J^TJlT-n'^^^^^T*^^ '"^^ *^ reprodudbly compere the performance of various gases as ml- 
CTMphere fi«ers«thew.dthof the pressure irtarval(AP)Iimitedbythepressurevi^^^ 
counts (as expressed by the optical densities) is equal to the 75% and 25% of the original bubble eounl Now 
lV'\'"!^'^^'y '"at for gases where the pressure difference DP = P« • P„ exceeds a value of 
abou 25 - 30 Terr, the killing effect of the blood pressure on the gas-filed miooveeides a minimized. i.e the 

t°°!!f* *" L"* ^ "^^'^"^^ *'Gnincance. accumcy and reprod* 

obiTity of echogrsphic measurements. =H'wi- 

It we, found. In addition, that the values of PC and aP also depend on the rate of rising the pressure In 
the teste^ments illustrated by Rg. 1. le. in a certain interval of pressure increase rates (e.g. in the range 
of several tens to several hundreds of Torr/min). the higher the rata, the larger the values for PC and-AP. Fcr 
tms reason, the comparisons effected under standard temperature conditions were also carried out at the'een. 
Stent increase rata of 1 00 Torr/mln. It should however be noted that this effect of the pressure increase rata 

SI "T.^^i" !^ r.' '''''^ 

by heart bllS ' »f Torr/min are net 8lgnr«anily different Irem those measured under eonditiorts ruled 

h« ^il?,*^* ""^y aforementioned properties, while others do not. 

* - * f>°^^y " *hich- in "lotion to 

hi™1 r ""I"!?'' P"'"^"' parameters, are Involved. However 

».Me parametfifB need not be known to practise the present invention since gas eligibility can be easly de- 
fermined according to the efbrEdlscuasederilaria. 7 « . bo caaiy oe- 

th. 2!!?"^"! ^H'l^' ^^^"^f "» !"«"ton are. for instance, halogenated hydmewbons Uka 
the freorjs and stable nuonnatedchalcogenides Ilka SF,.SeF, and tho like 

v«w!f f '^'^ ^^"^ *^ S3S saturatnn of the liquid used as earrter for the micro. 

tlTn^^^^ "'^i*'" •« ^^n'-Wna the echogenfc suspensions of the 

far in^^ ^ ^ •8"t » SCI «lnr to be mixedjust before use with the carrier liquid (see 

^- t '^"^ ^""^'^'^ ^'^^'^^"^ hereinbefore), it is quite advam^eous to 

we far the disperson. a gas saturated aqueous carrier. Alternatively, when marketing mady-ttKise miffove- 
n^^T ""*«'=9ents for edwgraphy. one wID advantageously us. s. the carrier liquid for the 
SS^l? H't!^'!i'"'"~",f°'"^"= " °^ suspension wOl be consider- 

far eZ^ ? ""^"^l^ ™^ substantiafly unchangmi (no substantial bubble count variation) 

^ ^ • »v«n over 8 year in apeeial easea^ 



Example 1 



a 1o1!S'^fJr.'!!I"'S'*"^!""' ""'^^^ 9a«s were prepared as desaibed In EP.A- 324 838 using 
a 10 ml calibrated syringe filled with a 5% human serum albumin (HSA) obtained from the Blood Transfvslon 
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the upper layer wss Anally eoUeeted When the foZZn«^ ^ •3*"' temperature and 

•«s pu>ced in a g/ssa botile which wa, axtansivalyloS Xh. I operations, the auspe„«on 

Mtu«ed at equKbrium with aC^ik^^^l^t!?^!T^^^ 1:10 withdIstDled water 

Jance was recorterf white lnc«.,i„fl sS<i^ht^'"^S " '^'^ 

the suspensfan, temp«ture wan.pt«2S-C the*«pe„sloa During the measurement.. 

The fBsuJts are shown in thaTaWet belt** '«nH am- 

mgisjered fora serie, of gases defined t^^ll^Z^fJ^:!!''"^' ''^ value, 

-■e. Mwand water eolubflity being fl«en. «^i^^,e ^S^/k L Parameter, of such gases, 

tfiameierlnvolumej. " ^ """*'"9''«"*"'"e«u''t and bubble average see (mean 



Sample CJas Mw 



AFVel 


CF4 


68 


AFre2 


CBrFs 


149 


ASFl 


SPe 


146 


ASF2 




146 


ANl 


N2 


28 


A14 


Air 


29 


A18 


Air 


29 


A19 


Air 


29 


AMel 


CH4 


16 


AKrI 


Kr 


84 


AXl 


Xe 


131 


AX2 


Xt 


131 



Solubl* 
llty 

.0038 
.0045 
,005 
.005 
.0144 
.0167 
.0167 
.0167 
.032 
.059 
.108 
.108 



TABLE 1 

Bubble 
count 
(108/ml) 
0.8 
0.1 
13.9 
2.0 
0.4 
3.1 
3.8 
1.9 
0.25 
0.02 
0.06 
0.03 



Bubble 
size - 
(mn) 
5.1 
11.1 
6.2 
7.9 
7.8 
11.9 
9.2 
9.5 
8.2 
9.2 
17.2 
16.5 



PC(Torr) Sgas/V 
Mw 



120 

104 

150 

140 

62 

53 

52 

51 

34 

86 

65 

89 



.0004 
.0004 
.0004 
.0004 
.0027 
.0031 



.008 
.006 
.009 
.009 



andS/i;jj^iSJV«n?h;^°s^ 

•noredumUeechoflenicslgnalainvhrirSnli?^^ 

gas soIubUty. »"« ••"rage hobWe size generaUy increases wfth 

i«niple2 

•-.car^doutin the grey scale mode .Sg^2::Si?8.^iS!!;''''^ 

9 «n Mojson 128-XPS •ehogmphy apparatus and a 7^ MHr tnins- 
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as 



30 



l"^^^ taH!^^ * «nha„«mcm in the left vantricle was deton,ined by recordina tha sign , for 

a penod of tmvj. The rnults an gathered in Table 2 bebw wheh also shows the PC o/ the smm usmL 



TABLE 2 



w 



rc 



Sample (Gas) 


Duration of 
contrast (sec) 


PC (Ton-) 


AMel (CH4) 


zero 


34 


A14 (air) 


10 


53 


A18 (air) 


11 


52 


AXl OCe) 


20 


65 


AX2 (Xe) 


30 


89 


ASF2(SF6) 


>60 


140 



From the above results, one can see the existence of a definite correlation between the critical pressure 
of the gases fried and the porslfitence in time of the ochogenics^naL ^p^^un 



Exampfe 3 



b.b,ir K V^l"^ mlcmparbdes (Echovisc® from SCMERING AG) was ob. 

temed by^along for 5 sec 3 g of the sdid rrtoropartfclea in a J ntf of 

arabona. the «r above a portion of Echovist* parUdes waa e«p,ated (0^ To^ «,d repla^d ty TsfX 
^nta^mbb* (by ejection In the jugular veh^ 

VI0U8 eMmpIe. In thb case the eehegenic mlewpartictoa do not tmnsit thmugh the luno caplterta h««L^ 
agmg b j^tncted to the right venWdo and the ov«an aignal penaatence h« no pSL" Sa^ii^ 
results of TaWe 3 below ahow the value of algnaf peak intenatVafew aeeond, afteMnSToT 



TABLE 3 



^ Sample No Gas Signal peak 

(arbitrary units) 

Gall j 

^ Gal2 air lOS 

Gal3 SF6 131 

Gal4 SF6 140 

* ,J! hoxafluorid.. an Inert gas with low water aolubifty. provMes eehoganie auapan- 

inj^SLf." V^l^ '^"^ «»"P»«»"» ««l«ns«n5 flued with akThese1««to 

theuae farechography purpoaea of mlcmpartdea. respectively, eavttate and dathrtt. compounds fiD^^ 

H "wmeommongaaea With regard to the eehogenicfeaponsa. 



to 
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Eyampie 4 



A series of echogenic suspensKms of gas-f aie<J micrebubblea w^m ft«.r«r«* hw tK* . 

f rttj befow: «yowea were prepared by the generat method set 

suspension -^a«-tiU>n.«arCir(StS^^^ -f • 

at ^S-C Th8 rnuM samples mra thwaaf ter fi!^-!! I ' '""'^ suspensions wen (rezen 

v«ae» which w« ultirSSy SJT^ti^^a oartJS^J^ " ' '^•^"'^^^ '^'^ * 

a stmam of the san» gas used to fid the sa^ ves^SI s^n^.^ carnerliquKl. this being effected under 
ntin en a vortex mixer. Suspenson effected b, vigorously shaking for 1 

jn a spectrophotometric cefl^ich v^s^b^cid "at^T^^^^ 

bubbles had coDapsed. Th. ,«ute ara colleded in TaSeTJe^^lJtSSLn teTi^-^f*''' 
Bives also the AP valuea (see Hg 1). ^ PC. 



25 



TABLE 4 



45 



Sample 
No 



Gas 



Mw 



SoIubUi^ 
InH20 



so 



LFrel 


a-4 


88 


.0038 


LFre2 


CBrfa 


149 


.0045 


LSFl 


SFs 


146 


.005 


LFre3 


C4F8 


200 


.016 


LI 


air 


29 


.0167 


L2 


air 


29 


.0167 


LArl 


At 


40 


.031 


LKrl 


Kr 


84 


.059 


LXel 


Xe 


131 


.108 


lFTt4 


CHCIF2 


86 


.78 



Bubble 
count 
aoa/mll 



PC 
(Torr) 



1.2 
0.9 
1.2 
1.5 
15.5 
11.2 
14.5 
I2J2 
10.1 



97 

116 

92 

136 

68 

63 

71 

86 

92 

83 



(Torr) 



35 

64 

58 

145 

17 

17 

18 

18 

23 

25 



«thi.,,ga«lAI«..tto1^jr^^^i^^^^^ 
callapse/^ure curvea tte Sta^te ISIvk" 

Examples 

dura.io„of.h.peHSS;J,^TirX^cs""„?^^^ 
Tabla S below i„ which CF. l.<ilcste^Zc^S^T ^'"'^^''^^'^^^ 
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TABLE 5 





Type of gas 


Contrast duration 
(sec) 


Ll 


Air 


38 


L2 


Air 


29 


LMel 


CH4 


47 


LKrI 


Krypton 


37 


LFrel 


CP* 


>J20 


LFre2 


CBrFa 


92 


LSFl 


SFfi 


>112 


LFre3 


C4F8 


>120 



These results indlcatfi that, again in lha ease of microbobWes, the gases aceording to the criteria of the 
present invention wfll provide uftraaonic echo signal for a much bnger period than moat gases used untS now. 

Example 6 

Suspensions of microbub Wea were prepared using different gases exactly as dcscribed in Example 4. but 
replacing the ledlhin phospholipid ingredient by a mole eoulvaient of diaracWdoylphosphatldyieholine (C^o fatty 
add residue) avafiabla from Avanti Polar Upida, Binnlngham. Alabama, USA. The phosphollpU to bCP mdar 
ratio %va3 adil 9M. Then the suspensions were pressure tested as in Example 4; the results, coQeeted In Table 
BA below, are to be compared ¥rtth those of Table 4. 



TABLE 6A 



Sample 


Type of 


Mw of 


Solubl- 


Bubble 


PC 


AP 


Mo 


gas 


gas 


Utjr In 


count 


(Torr) 


(Torr] 








water 


Cl08/inl] 






LFrel 


CF4 


88 


.0038 


3.4 


251 


124 


LFre2 


CBrFa 


149 


.0045 


0.7 


121 


74 


LSFl 


sPe 


146 


.005 


3.1 


347 


>150 


LFreS 


C4F8 


200 


.016 


1.7 


>350 


>200 


Ll 


Air 


29 


.0167 


3.8 


60 


22 


LBul 


Butane 


58 


.027 


0.4 


64 


26 


lArl 


Argaa 


40 


.031 


3.3 


84 


47 


LMel 


CH4 


16 


.032 


3.0 


51 


19 


LEtl 


C2H6 


44 


.034 


1.4 


61 


26 


LKrl 


Kr 


84 


.059 


2.7 


63 


18 


LX^l 


Xe 


131 


.108 


1.4 


60 


28 


LFre4 


CHC1F2 


86 


.78 


0.4 


58 


28 
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The above results, compared to that of Table 4, show that at least with low sdubitity gases, by lengthening 
the chain of the phosph lipid faOy acid residues, one can dran^atically Maeaaa the stabBlty of the echogenic 
suspension toward pressure Increases. This was further confirmad by repeatfng the foregoing expervnenti 
but replacing the phospholipid component by Its higher homdog. Le. di-beheneyl-phosphatidyteholiAe (Czifetty 
add residue). In this case, the resistance to caltapse with pressure of the microbubbles suspensions was stitt 
further hcreased. 

Some of the microbubbles suspensions of tha £xamp(e were tested in dogs as descnbed pievioualy for 
rabbits Timaging of the heart ventndes after tnjectbn of 5 ml samples in the anterior cephalic vein). Asignif tcanc 
enhancement of the useful in-vivo echogenic response was noted, in comparison with the behavior of the prep^ 
arattons disdoaed in Example 4. i.e. the mcrease in chain length of the fetty-add residue in the phospholipid 
component increases the usehi life of the echogenic sgent in-vivQ. 

In the next Table below, there is shown the ralatfve stabOtty in the left ventricle of the rabbit of microbubbles 
(SF6] prepared from suspensions of a series of phospholtpids Mrhose fetty acid residues have different chain 
lengths (<injected dose: 1 mi/rabbit). 



TABLE 6B 



Phospho- Chain length PC AP Dtiration of 

lipid (Cn) (TorrJ (Torr) contrast 

fsecl 

DMPC 14 57 37 31 

DPPC IB 100 76 .105 

DSPC 18 lis 95 120 

DAPC 20 266 190 >300 



R has been mentioned hereinabove that fbr the measurement of resistanca to pressure descnbed in these 
Examples , a constant rate of pressure rise of 1 00 Torrfmin was maintained. This fs Just^ed by the results given 
bdewwhich show the variations of the PC values for different gases In function to the rate of pressure increase. 
In these samples DMPC was the phospholipid used. 



Gas PC (Terr) 

sample Rate of pressure increase tTorr/mln) 



40 100 200 

SFs 51 57 82 

Air 39 50 62 

CH4 47 61 69 

Xe 38 43 51 

Freon 22 37 54 67 



Example 7 

A series of albumin microballoons as auspensiona in water were prepared under atr in a con^lled sphere 
size fiashion using the directions given m Example 1. Then the air in some of the samples was replacsd by 
other gases by the gaa-ezchange sweep method at ambient pressure. Then, after dSuting to 1:1 0 with dtstSled 
water as usual the samples were subjected to pressure testing as in Example 1. From the results gathered 
In Table 7 below, It can be aeen that the two-steps preparalbn mode grvea, in some cases, echo-geneiating 
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agents with better rasistance to pressure lhan tha one-step pneparaiion mode of Example 1. 



TABLE 7 



Sample Type of Mw of the 
No gas gas 



A14 


Air 


29 


A18 


Air 


29 


AlS/SFe 


SFs 


146 


AlB/CaHe 


CaHfi 


30 


A19 


Air 


29 


A19/SF6 


SFe 


146 


A19/Xe 


Xe 


131 


A22/CF4 


CF4 


88 


A22/Kr 


Kr 


84 



Solubility 


Initial 


PC 


In water 


bubble 


iTorrJ 




count 






(lOB/ml) 




.0167 


3.1 


53 


.0167 


3.8 


52 


.005 


0.8 


lis 


.042 


3.4 


72 


.0167 


1.9 


51 


.005 


0.6 


140 


.108 


1.3 


67 


.0038 


1.0 


167 


.059 


0.6 


85 



ExamplB 6 

e ""f '?}!^ ^"^^^ "PP"^ ^ Mperiment as disdosad in the prior art. for instance 

Bcampla WO-92/1t873. Thrae grams of PluronidB F68 (a eopdymer of pofyoxyethytane-polyoxypropvlene 
with a molecular waight of 8400). Ig of dipabnibylphoaphetldytgtyeeral (Na <a>t. AVANTI PoJar Upids) a>^ 3JB 
0 of olycami wera added ta 80 ml of dlstntad w«t.r. After heatins at abotjt 80^:. a dear DomogeMu. .elutieq 
i»aa obttined. The tenside aoiution was eoofed to room tem^eteiure and the volume was adjusted to 100 m 
in some esperimenls (see Table 8) dipalmttoiflphosphatldytslyeeral was raplaeed by a mixture of diaiaehldoyt- 
phcsphatldylcholine (920 mg) and 80 mg of dipsfanHoylphoaphatidie acid (Na salt AVAMH Polar iipida) 
-nie bubble suspension were obtained by using two ayringa connected via a three-way valve. One of 

the syringes was fnod wilh 5 ml of the tanswe solution whte the other was filed with as ml of air or gas. 
three-way valve was fffled with the tanside solubon before B was connected to the gas^taining syringe By 
aIiBmaih>aly opMsting the two pistons, the tenside aohitlans weie tansferfed bade and forth between tha two 
ayrnges (5 times in each direction), miicy suspensions were formed. After diutlon (1:10 to 1:50) with distDed 
water sabjiated at equilibrium withalr. the reaistanca to pressure of the preparations was determined aecorting 
to Example 1. The pressure increase rate was 240 Tori/mln. The (bllowing ruuiia were obtamad: 



TABLES 

Phospholipid Pc fmm Hd DP (mm Hd 

DPPG air 28 17 

DPPG SFs 138 134 

DAPC/DPPAs/i air 45 30 

DAPC/DPPAs/l SFs 269 253 



It foltOMo that by using the method of the invention and repladng air with thvgasas e.g. SF» awn with iuiawn 
preparations a csnslderable Improvements I.e. inemasa In the resistance to prsssure may be achieved. Th« 
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Is true both inlhe ease of negativety charged phosph lipids {e.g. OPPG) and in the case of matures of rteutraf 
and negatively charged phoepholiptda (OAPC/OPPA). 

The above experiment fcrther demonstrates thai the recogmsed problem lensitlvtty of micmbubbles and 
microbaUoons to collapse when exposed to pressun l.e, whan suspensions are injected into living beings, has 
advantageously been sohred by the method of the invention. Suspensions with microbubhles or micmbaflodns 
with greater rssistance against coflapse and greater stability can advantageously be produced providing sus- 
pensions with better reproducibarty and improved safety of echographic measurements performed in vivo on 
a human or animal body. 



Clalma 

1. A method for imparting resistance against coDapsing to contrast agents for ultrasonic echography which 
consist of gas*f illed mioDveaidea in suspenscn in aqueous liquid carrier phases, le. either microbubbtes 
bounded by an evanescent gasAIquid interfadal dosed surfBBa;,-firiTBcrebalk)on8 bounded by a material 
envdope. said collapsing rcsuHing, at least in paa from presstffe Increases effective e,g. when the sa^ 
suspensions are Injected Into the bloodstnsam of palienb. said method comprising forming said mioD- 
vttsidea in the presence of a gas. or If the mcrDvesides are already made filling them with this gas. which 
b a physiologieany accepfaable gas. or gas mbcbire. at least a frection of which has a sdubltty in water 
ezpressefd In Oters of gas by titer of water under standard conditions divided by the square root of the riv>- 
lecular weight in daitons which does not exceed 0.003. 

Z The method of daim 1, which 8 carried out tn two steps, in the first step the microvestdes or dry precur* 
sen iherrof are initiaKy prepared under an atmosphere of a first gas. then in the second step at least a 
fraction of the first gas Is substantlaOy substituted by a second gas. the latter being said physidogicalty 
acceptable gas. 

3. The method of daim 1. in which the physiologically acceptable gas used is selected from SP|. SeFi, 
Ff8on<5 such as CF4. CBrf ^ C4F», CaF,. CaaF^ C^F,. CaCIF^ CBrCtFj. CiCljF*. CSraF, and C^F,^ 

4. The method of daim 2. in which the gas used in the fust step Is of a kind that allows effective control of 
the average size and concentratfon of the mioovesides in the carrier Oquid. and the physiologicafly ac- 
ceptable gas added In the second step ensures prolonged useful echogen^ Qfe to the suspension for in- 
vivo ultrasonic imaging. 

5. The method of Claim 1, tn which the aqueous phase carrying the mioobubbles contains disaoh^ fSm- 
forming surfactants In lamellar or laminar form, said surfaoams stabfllzing the micmbubbles boundary 
at the gas to liquid interface. 

6. The method of daim 5. In which said surfactants comprise one or more phospholipids. 

7. The meUiod of daim 6, in which at least part of the phosphoTipids are in the form of liposomes. 

a. The met hod of claim 6, in which at least one of the phosphdipida is a dlacylphosphatidyl compound where- 
in the acyl group Is a C,« fatty add residue or a higher homologue thereofL 

fl. The method of daims 1 and 2. in which the microbafloon material envelope Is made of an organic pdymeric 
memtvane. 

10. The method of daim 9. in %vhlch the pdymers of the membrane are selected ISrom poiyfactk: or pdyglycoTc 
add and their copdymsrs. rstfculatad serum albumin. ceSculated haemoglobin, polystyrene, and estoa 
of potyglutamtc and pdyaapartie adds. 

11. The method of daim 1, In which the forming of the imcrovesides wfth said physiologically acceptable gas 
is effected by alternately subjecting dry precursors thereof to reduced pressure and restoring the pressure 
wah said gas. and f inaOy dispersing the preeursofv in a liquid eanler. 

12. The method of daim 1« In wrhich the fifmg of the mtcroballoons mth said physiologieally acceptable gas 
is effected by simply flushing the suspension with said gas under ambient pressuro. 
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13. ThB method dakn 1. which eemprisas making the micrevesides by any ttandati method krwm « iha 
artbirtop8falinflundafanatmasphe«compoMKlBtleaatinpartof«aidflaa. 

14. SwpansJofts of gas fitted micro«a«e8dl«rib^ 

agents m ultrasonic echography, chareetariaed in that the gas la phyvotogieaOy aceaptaMe and luch that 
atteuta portion thereof has a solubgity in water, expresaed inliior of gas by Iher of water under tfandari 
eondlttena. div«ad by tha square not of the molaeular weight whch does not exceed OJm. 

la. The aqueous 8uspen»iona of dalm U. ehafaelerta«l In thiu the gaa is ««h that the preasur. dSffewwa 
AP Mween thesa prsasims which, whan applied under atandaid canditiona and at a nta of about 10O 
TorrtWn to the nspensieneausa the csBapsIng of about 7S%. lespeeiively 25%. of tha mterevesidea 
InJtially preaent, is at least 25 Terr. 

It A^uaous auapenaiana aoearding to daim 14. In whidi tha mieraraeidea ara mimfaubfalas fiOad with said 
pJ«loteg«ny aeeaptabia gas suspended in an aqueous carfte> liquid coniainaig phospholipids whose 
fttyaod residues contain 16 ca/teos or fiwa 

ir. Contrast agentsfor echography In pfecunorfBrmeonsSstfng of a dry powder comprising lyephilizwliipo. 
aames and atabaizwi. this powder being dispereible in aqueous liquid carrieiB to fbnn eehogenft: sus- 
pensiaas of gas-filled mienbuhbles. eharacterbed in that S is stored under an atmosphere camarisina a 
phy8loteg«Ily acceptable gas whose soIuMSyh walir. aspiBssad in liter of gas by lii« of water under 
atandanl conditions, divided by the square mot of the molecular weight does not nceed OiJOi 

18. The eontnat agent preeuiaora of daim 17. in which the nposomaa comprise phospholipids whose fatty 
aad residues have 16 or mora carbon atoms. k f t«» ^wiany 
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